The number of public-private partnership (P3) projects in North America increased significantly since early 1990s, as policymakers and transportation officials seek alternative methods to supplement traditional funding sources to finance and deliver projects. Scholars have compared the cost and schedule overruns of P3 projects against publicly funded projects in mature P3 markets in Europe, but similar comparisons are lacking for the North American market. This paper begins filling that gap by comparing the cost-and schedule-overrun results of 12 completed, large-scale (greater than ~US$90 million) P3 highway projects in North America with previous research studies reporting on large-scale design-bid-build or design-build highway projects. The researchers collected P3 project performance data through interviews with project executives and then utilized findings from previous studies of traditional projects for comparative benchmarking data. The research results indicate the P3 sample cost overruns averaged 0.81% and schedule overruns averaged -0.30%, compared with 1.49% cost overruns and 11.04% schedule overruns for design-build projects and 12.71% cost overruns and 4.34% schedule overruns for publicly financed large-scale design-bid-build highway projects. With a relatively small universe of completed construction phase efforts to examine, it is premature to draw explicit conclusions, yet the results reported in this study point to tighter control of highway construction costs and delivery schedules when projects are delivered via the P3 method. Findings from this study provide empirical evidence for various theoretical advantages and limitations of P3 projects, as well as serve as a reference tool to compare the appropriateness of different project delivery methods.
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While scholars have compared cost performances between P3 and traditional public procurement infrastructure projects in more developed P3 markets such as Europe (1, 2, 3, 4) , to our knowledge similar studies do not exist for the North American market, partly due to the limited number of completed projects. A number of North American P3 transportation projects have been completed in recent years, allowing an initial observation of their performance. The effectiveness of the P3 delivery approach has been of great debate. Studies on the effectiveness of P3 projects, in terms of cost control and schedule performance, have focused on the more mature P3 markets in Europe, United Kingdom, and Australia. However, since the institutional structure of the Architectural Engineering Construction (AEC) industry in Europe is very different than that in North America, findings from the European P3 studies are not directly transferable to the North American P3 market.
The objective of this study is to examine performance of P3 transportation projects (in terms of schedule and cost) and to compare this P3 performance against traditional projects' performance as reported in other literature. To the knowledge of the researchers, this will be the first comprehensive study on North American P3 projects comparing the P3 delivery approach against the more traditional DBB and DB.
According to M. Acar et al., "Public-Private Partnerships are an umbrella term referring to a variety of collaborative undertakings between public, private, and/or nonprofit organizations, ranging from simple coordination efforts between two organizations from different sectors to more comprehensive initiatives involving a significant number of individuals and organizations representing all three sectors" (5) . P3 projects have been procured under several different types of contracts that combine finance, operation, and maintenance with the more traditional DB project delivery approach. Projects that do not exhibit all five characteristics (design, build, finance, operate and maintain) are not characterized as P3s (6) . P3 contracts generally require a private agent to assume responsibilities for the performance of the asset over a long term so that the public sector can realize the efficiencies from long-term investment and asset management from the private sector (7) . For purposes of this study, traditional public procurement means any procurement method that is not a DBFOM, which will encompass a wide range of project delivery arrangements including Design-Bid-Build (all separate actions), and Design-Build contracts.
Cost and schedule overruns during construction of highway projects is common for projects over US$100 million. This phenomenon has been observed in international projects (3) , in the United Kingdom (8) , in Canada (9) as well as the United States (10). Flyvbjerg (4) advocated applying an appropriate uplift cost to offset the optimism bias on these large scale highway projects as a solution to this cost-overrun dilemma. To better understand the root causes, researchers have undertaken studies to determine if better options are available in the form of alternative project delivery methods to contain the cost of projects (11, 12) . The vast majority of work in the US public sector has been delivered using a traditional DBB method. DB approaches in North America have been utilized with some success, showing better cost and schedule control (11) . Studies of the more mature European P3 delivery approach indicate that the P3 project delivery approach holds significant promise, concluding that the average construction cost overrun on P3s was around half that observed from conventionally procured projects (13) .
Recently studies have compared theoretical arguments with empirical evidence (6). According to Blanc-Brude et al., risk transfer from the public to the private sector can lead to a Allan D. Chasey 4 William E. Maddex Ankit Bansal more explicit recognition, quantification, and pricing of the risk that is transferred. Due to the few completed P3 projects, it has been difficult to draw conclusions about this transfer of risk to the private sector for long-term P3 projects as well as the impact on pricing. Few studies on completed P3 construction have compared estimated budget to actual completed cost (14) . Much has been written about the formation of P3s, how they operate (15) , and their various mechanisms and means of implementation. This study looks to previously established definitions (16) for terminology, organization, and the particulars of implementing a P3. This research also understands and relies on earlier observations (4, 6) regarding the notion that distinct differences exist between infrastructure types. For example, mixing highways with tunnels are "noisy" in that the structures are very different technically and require different cost structures that are not comparable (6) .
The aim of this research is to objectively compare the performance of very large P3 projects with the more traditional DBB and DB project delivery methods. This study is not an attempt to verify some means of determining the costs of any large highway project. Flyvbjerg's (3, 4) attempts to do that via reference class forecasting as advocated in the COWI facilitated approach are interesting but not to the point (17) . This study will compare the North America P3 results with other studies for DBB and DB in an attempt to assist practitioners in procuring largescale infrastructure projects.
METHODOLOGY
In this study of comparing P3 and traditional procurement methods in North American highway construction, the following key steps were developed:
1. Literature review on previous studies of DBB and DB highway projects 2. Development of input and output metrics 3. Criteria for selection of sample projects 4. Data collection for sample projects 5. Data analysis of collected data 6. Comparison of P3 research results with previous studies of DBB and DB highway projects
Literature Review of Previous Studies on DBB and DB Highway Projects
Researchers used a literature review of previously reported studies to benchmark performance of cost and schedule control for traditional DBB and DB highway projects. This allowed a comparison of these more traditional project delivery approaches with P3 projects.
Development of Input and Output Metrics
The study determines the project performance regarding cost and schedule adherence for transportation projects. Two key metrics are used: cost change and schedule change.
Cost Change
Cost change is the difference between the actual project cost and the estimated project cost. The estimated project cost is the contract value of the capital expenditure specified in the P3 contract at financial close. The actual project cost is the cumulative value of all payments made by the sponsor(s) to the developer(s) to compensate for the construction of the project. 
Schedule Change
The estimated construction duration is the time allotted in the contract for the construction of the project, and the final construction duration is the actual time of construction to the point of availability of use of the project.
percent schedule change = (final construction duration − estimated construction duration) × 100 estimated construction duration
Criteria for Selection of Sample Projects
The researchers determined the criteria for selection of P3 projects by the trend of the P3 market over the past 20 years. The research study project list was obtained from "Public Works Financing, September 2010" edition. From that list, only highway transportation projects meeting the criteria below were studied.
a. Projects Constructed in North America
Studies have focused on the more mature markets of Europe, UK, and Australia, but similar studies have not been accomplished in North America.
b. Projects Constructed Between 1990 and 2010
Legislative actions have taken place over the past 20 years that have allowed alternative project delivery approaches such as P3 and DB (20, 21, 22) . With these new laws, states have utilized different project approaches to seek better cost and schedule control.
c. Projects with Construction Costs Between US$90 Million and US$1,100 Million
Research by the Federal Highway Administration (FHWA) compared 11 pairs of project under US$20 million using the DB and DBB methods (18) . The percent cost change for DBB (3.6%) was lower than that for DB (7.4%). However when Shrestha (12) compared four large (over US$100 million) transportation projects, the cost change was significantly higher for DBB (12.71%) compared to DB (1.49%). Cost containment for large-scale infrastructure projects is more difficult in the DBB project delivery approach. This research examines whether the P3 approach better controls cost on these large-scale projects.
d. Highway and Bridge Projects Without a Large Signature Tunnel
As noted by Blanc-Brude (6), "Mixing motorways and other types of roads, in some cases including significant tunnel or bridge links, are 'noisy' in that they contain observations of very different technical natures and hence different cost structures." Flyvbjerg et al. also document that the average cost overruns for these different categories of infrastructure are very different, so that risk pricing would be expected to vary in each case (3) . To ensure comparable sample projects, researchers for this study selected transportation projects without large signature tunnels.
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e. Projects Procured Under a DBFOM Procurement Model
The incentive for private industry to finance a project is to complete the work on time to begin receiving funds for the completed work. The incentive to produce a better quality project is the risk that is accepted by private industry when the operations and maintenance (O&M) portion of the contract are bundled with the DB. Although these projects have not had a chance to complete the contractual cycle, by using the DBFOM procurement model, this study will lay a foundation for future research -the construction costs have been studied and the results can then add the O&M risk and reward to the outcome.
Data Collection for Sample Projects
The researchers gathered data and confirmed projects to be DBFOM through a thorough literature review and a survey with personnel involved with the selected projects.
a. Literature Review
Researchers gathered data on the P3 projects through various databases available on the web and prepared an exhaustive list of all the eligible P3 projects in the United States and Canada. Maximum information was compiled from official websites of the respective projects and state departments of transportation, concentrating on the two study parameters: cost and schedule. To determine the cost change of a project, data was collected on the estimated project cost and the actual project cost of the projects under study. To determine the schedule change of the project, data was collected on the estimated construction duration and the final construction duration.
b. Survey
After collecting the data available on the projects from the web, researchers prepared a set of questions to survey public agencies involved in the selected P3 projects. Personal interviews were conducted with officials involved in the construction and procurement of the projects under consideration. The officials were project directors and/or project managers for the government agencies who had an intimate knowledge of the project. This personal survey concentrated on the size, location, type, scope, procurement, and project schedule with key emphasis on the cost and schedule performance of the projects.
Data Analysis
Researchers analyzed the data collected from the literature review and the surveys for percentage of cost and schedule change per the input and output metrics determined at the beginning of the research. Any changes -such as scope changes, owner's additions or deletions, unanticipated risks, force majeure as decided by the public and the private entity -were considered in the analysis to determine how the change would affect the percent of change. The average cost change and average schedule change were then calculated for all P3 projects under study, which provided the performance of the P3 procurement method for highway construction in North America.
Comparison of P3 with Results of Previous Studies on DBB and DB Highway Projects
Researchers used the literature review of previously reported studies to compare traditional DBB and DB project delivery approaches with P3 projects.
PREVIOUS RESEARCH ON DESIGN-BUILD AND DESIGN-BID-BUILD PROJECTS
Researchers found four previous studies comparing DBB and DB (Table 1 ). The most extensive study of DB highway projects was completed by Tom Warne and Associates in 2005 (11) . However, in this study, they did not compare any completed DBB projects with the DB projects. They reviewed 21 projects across the United States ranging in size from US$83 million to US$1,300 million. The study collected data on the 21 projects and then asked the project managers to estimate how much time the project would have taken if the DBB project delivery process had been followed. The answer was a professional estimate, but no direct comparisons were made between the DB and DBB projects.
Shrestha (12) compared the performance of four DB and four DBB highway projects. The DB projects were selected from across the United States, while the DBB projects were selected from Texas. The design and construction cost of DB projects ranged from US$165 million to US$1,150 million, and the design and construction cost of DBB projects ranged from US$146 million to US$301 million. The cost and schedule growth of projects in this study are comparable with the criteria for the P3 study, allowing a comparison of DBB, DB, and P3 project delivery.
The FHWA completed a study on the effectiveness of the Special Experimental Projects No. 14 program, which enabled state transportation agencies to test and evaluate a variety of alternative contracting methods (DB being a core element of SEP-14), and obtained data on 11 pairs of DB and DBB projects regarding cost and schedule growth (18) . All costs for all projects were less the US$20 million -much smaller than this study's target projects. Gransberg et al. compared 21 DBB and 11 DB projects completed by the Florida Department of Transportation (19) . Although all the projects were under US$10 million, much smaller than this study's target projects, DB still show improvement of both cost and schedule growth over DBB. Of all the studies reviewed, only the Shrestha study provided a direct comparison of DBB and DB of the size of projects included in this research.
P3 PROJECT DATA RESULTS
The United States and Canada have been using various forms of P3 models for project delivery of highway construction for several years. This study analyzed 12 projects from North America, specifically California, Texas, Virginia, and Canada, which met the selection criteria and had been completed through the construction phase. Figures 1 and 2 provide the percent cost change and the percent schedule change. (Figures 1 and 2) Ten of the twelve projects did not have any cost increase associated with the project. Of the two projects that experienced cost increases, the cost increases were associated with technical changes, such as geotechnical issues.
Of the 12 projects studied, 11 had no increase or were completed before the contractual completion date. For the project that had a schedule increase, the delay was due to technical changes in the project. (Table 2) ANALYSIS Using the parameters of cost and schedule performance, the researchers studied the P3 projects under consideration. These P3 projects form an exhaustive list (23) The results obtained from this research study are compared to previous research that has analyzed the performance of DBB projects and DB projects on the same parameters of cost and schedule growth. Of the comparison studies of DB and DBB delivery methods in Table 1 , the study done by Tom Warne and Associates (11) and Shrestha (12) provide the best comparisons to this research. This research and the ones by Warne and Shrestha have analyzed projects accomplished in North American within the same time period and within a comparable cost range. (Figure 3) 
Cost Control
In this research of twelve (12) P3 projects, two exhibited an increase in the construction cost from the contract amount. The remaining ten projects were completed within the contract. The average cost increase for the P3 projects was 0.81%, while the average cost increase for four DBB projects was 12.71% and for four DB projects was 1.49% (12) . The research by Tom Warne and Associates shows an average cost increase of 4% for the 21 DB projects reviewed (11) . Large-scale DB projects have much better cost containment performance than large-scale DBB projects, and they are comparable to P3 projects (11, 12) . The cost control performance of DBFOM projects may be attributable to the DB nature of the project, and not so much to the FOM portion. Future studies would be in order to further explain this attribute.
Schedule Control
The control of the construction schedule is the second study parameter of interest in this study. Of the P3 projects, only one project had an increase in schedule, four were completed per the contract schedule, while seven were completed before the contract schedule date. The average schedule change for the P3 projects is -0.30% which is less when compared to the average schedule change of 4.34% for four DBB projects and 11.04% for four DB projects (12), but not as effective as the 21 DB projects in the Tom Warne and Associates study, which showed a −11% schedule change (11) .
In this initial analysis of a sample size of 12 large highway projects, the P3 delivery method shows a success ratio of over 80%; that is, 10 out of the 12 projects had no cost or schedule increase from the contract requirements. The conventional wisdom that the construction phase of the highway project is the area where the most risk is evident may not be correct (13) . In these studies, the project cost is controlled to within 1.5% to 4% of the contract amount, which would indicate that cost growth is controlled when compared to over 12% for the large transportation DBB projects. For the P3 projects, this means that cost growth is contained within the project amount and not passed on to the tax base, as in the case of DBB or potentially DB. The P3 delivery method also indicates a control of the schedule that helps facilitate finishing projects on time. From this research, the P3 projects finished on time, which is expected. The incentive of investment return does not begin until the project is available for public use and the operational portion of the contract begins. This would seem to coincide with the Tom Warne and Associates study, which showed a −11% schedule change, since the contractors could see additional profit by finishing early but would not be impacted by the operational period.
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SUMMARY
Research has studied cost and schedule overruns of P3 projects against publicly funded projects in mature P3 markets in Europe, but similar comparisons have been lacking for the North American market. This research has begun filling that gap by comparing the cost-and scheduleoverrun results of 12 completed, large-scale (greater than US$ 90 million) P3 highway projects in North America with previous research studies reporting on large-scale DBB or DB highway projects. In this initial analysis of first generation large-scale highway projects, the P3 delivery method shows a success ratio of over 80% for both cost and schedule containment. The cost control performance of DBFOM projects may be attributable to the DB nature of the project, and not so much to the FOM portion, while schedule control may be incentivized by the return on the investment which would not start until the project is successfully delivered.
RECOMMENDATIONS
P3s are not a one-size-fits-all solution. Moreover, there are many more features of a project's development that feed into its success than just the perspective of cost and schedule containment. Because every P3 studied included the feature of a DB construction contract within it, it is apparent from this study that the use of DB as a means to contract for the construction of large projects contains costs better than a DBB delivery. Further, when considering the time to complete a project, this study holds strong evidence that a P3 will get the roadway into use quicker, both clearly very positive attributes.
This study compares one aspect of the large road construction project. It is clear that the combination of faster project delivery with very tight control of construction costs provides a benefit to the public. This study examines just one of the aspects of the P3 method of project delivery. Outside the scope of this study, a number of other aspects warrant examination that may reveal additional savings, efficiencies, and benefits to the public. Due to the limited field of projects that fit the criteria for this study and, more specifically, the fact that they are early in their P3 project lifecycle, further study of these other aspects must be conducted to determine the full spectrum of benefits afforded by the method. These additional aspects are as follows:
 What are the results of a comparison of life-cycle asset management costs from a P3 compared to government costs?
 Are there differences between availability of travel lanes between a project delivered as a P3 and a government-operated road built using traditional methods?
 What are the net effects on carbon footprints of a roadway built and operated as a P3 compared to a government-operated road built using traditional methods?
 If this study's results are recognized as valid and the initial benefits can be duplicated, how best to create a P3 guidance document that is widely available and that can be continually updated with best practices?
 What are the economic benefits of wider use of the P3 model on large projects, and where are the lines of demarcation that separate the sensible decision point to engage a P3, DB, or DBB method of delivery?
 What do P3s have to offer the public in terms of where and when to build roads considering traffic and revenue considerations in the toll road schemes? This study points out that significant research is yet to be done in comparing these three methods of project delivery: design build, design-bid-build, and P3. 
